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 Objective:    To study the effect of activated microglia
grafting on rats’ hind limb motor function recovery after
spinal cord injury.
Methods:    Microglia were separated from primary cul-
ture and subcultured for 3 generations. Lipopolysaccharide
was added to the culture medium with the terminal
concentrition of 10 µl/L for microglia activation 3 days be-
fore transplantation. Totally 80 adult Wistar rats were di-
vided into transplantation group and control group, with 40
rats in each group. Spinal cord injury model of rats was set
by hitting onto the spinal cord using a modified Allen
impactor. With a 5 µl micro-syringe, the activated microglia
suspension was injected into the injured area 7 days after
the first operation. Basso, Beattie and Bresnahan (BBB) scor-
ing for hind limb motor function was taken on the 1st, 7th,
14th, 21st, and 28th day after microglia transplantation, and
8 rats were sacrificed at  each time point mentioned above,
respectively. Frozen sections of the spinal cord were made
for haematoxylin-eosin (HE) and Naoumenko-Feigin stainings.
SPSS 11.0 software was used for statistical analysis.
Results:    BBB scores for hind limb motor function on
the 14th, 21st, and 28th day were significantly higher com-
pared with the control group. Most liquefaction necrosis
areas disappeared and only a few multicystic cavities sur-
rounded by aggregated microglia remained in the transplan-
tation group. Naoumenko-Feigin staining for microglia
showed that the transplantation group had significantly more
positive cells (P<0.05).
Conclusions:    Grafting of activated microglia into the
injured spinal cord can significantly promote the hind limb
motor function recovery in rats with spinal cord injury and
reduce the size of liquefaction necrosis area. The extent of
lower limb motor function improvement has a positive cor-
relation with the number of aggregated microglia.
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Microglia are the residential cells in the cen-tral nervous system (CNS). They share manysimilar functions and morphous characteris-
tics with macrophage cells. They also participate in
the inherent immunity of CNS, and can work as the
first line of defense exerting early resistance against
outside invasion of pathogens into CNS.1 Some schol-
ars believe that microglia may work as antigen-present-
ing cells and stimulate T cells to activate and propagate.
They can produce various cytokines and chemokine
that will induce or promote the inflammatory progress
in the CNS. They can also improve the expression of
many cytokine and chemokine receptors. The balance
among these receptors plays a vital role in inducing
and regulating immune functions of microglia in the CNS.2
Although some scholars claimed that microglia partici-
pate in pathological process of the CNS like pain or
causing damage to the neurons,3 more and more re-
searchers found that microglia are essential for main-
taining the CNS microenvironment stability and promot-
ing its functional recovery.4, 5 To identify the effect of
microglia grafting on injured spinal cord, we injected
activated microglia suspension cultured from brain tis-
sue of newborn rats into the injured area in an attempt
to elucidate its therapeutic effect by Basso, Beattie and
Bresnahan (BBB) scoring and histological evaluation.
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METHODS
The culture, separation, purification and identifi-
cation of microglia
Microglial cells were prepared from brain tissues of
1-day-old Sprague-Dawley rats. The cerebral hemi-
spheres were stripped off meninges then triturated into
single cells using fire-polished long Pasteur pipettes in
serum-free media followed by trypsin digestion at 37°C
for 10 minutes. DMEM/F12 medium containing 10%
fetal bovine serum was added to stop the enzymatic
activity. The cell suspension was centrifuged at 1400 r/min
for 10 minutes and cultured again in the complete
medium. The cells filtered through a 70-µm cell sieve
from the fore-mentioned solution were planted into a 75
cm2 culture flask in DMEM/F12 with high glucose and
10% FBS and incubated in an incubator on the condi-
tion of 37°C, 5% CO2 and 95% humidity. On the 10th
day, the microglia were purified from the initial mixed
culture layer by shaking culture flasks at 250 r/min for
30 minutes at 37°C. The resultant supernatant suspen-
sion was collected and centrifuged at 150 g for 5
minutes,6 and the cells were subcultured for 3 genera-
tions to get enough microglia. Lipopolysaccharide was
added 3 days before transplantation with the terminal
concentrition of 10 µl/L for microglial activation. Micro-
glial cells were resuspended in complete medium (2×105
cells/µl) and kept in a 37°C incubator for 2-3 hours prior
to implantation.
Flow cytometry detection for microglial purity
The cells were digested by pancreatic enzyme and
centrifuged after 80%-90% of cell confluence was ac-
complished under an inverted phase contrast
microscope. They were resuspended in PBS (1×106/
ml) and antibody incubation fluid. Serum was conven-
tionally blocked and anti-rat OX42 antibody was added.
After 30 minutes of incubation and following PBS
washing, fluorescein isothiocyanate labeled goat-anti-
mouse antibody was added and flow cytometry
(Beckman Coulter, USA) detection for microglia was
carried out after another incubation and PBS washing.
Immunocytochemical analysis of activated micro-
glia with CD68
Cell creeping slices were fixed by acetone for 10
minutes and mouse-anti-rat CD68 monoclonal antibod-
ies were added after PBS washing for 3 times. After
incubation in a 4°C wet box overnight, a second PBS
washing was given and 1:100 Cy3 labelled goat-anti-
mouse antibodies (Sigma, USA) were added. After sec-
ond incubation in a 37°C wet box for 40 minutes, the
slices were counterstained with hematoxylin and
mounted with buffering glycerine. Observation was con-
ducted under an immunofluorescence microscope.
Animal grouping and establishment of spinal cord
injury model
A total of 80 adult Wistar rats were subjected to
mild degree of spinal cord injury and then randomly
divided into two groups. For the transplantation group,
microglial cells were injected into the injured area while
no cells but DMEM/F12 was injected into the control
group. After anesthesia by chloral hydrate intraperito-
neal injection, the rats’ skin and superficial fascia were
cut open and T7-T9 spinous processes exposed. T8
spinous process and vertebral plate were removed to
expose the dura mater. A modified Allen spinal cord
impactor was used to hit onto the dura mater, and the
injured rats showed hind limb tics and tail-flick, and
later complete relaxation. Rats awake from anesthesia
showed dragging hind limbs, which means a success-
ful establishment of animal model.7 Gentamicin was
intramuscularly injected for 3 days to prevent infection.
Rat bladders were massaged twice a day for one week
postoperatively to assist urination.
Transplantation of microglia
The second surgical operation was performed on
the same incision 7 days after the first one. A 5 µl
microinjection of microglia (1×106) was given for trans-
plantation group and the same amount of  DMEM/F12
medium for control one. The suspension was slowly
injected at a 75°angle into the center of the injured spi-
nal cord. After slow withdrawal of the syringe, a small
piece of gelatin sponge was used to avoid the leakage
of microglia and prevent the formation of hematoma.
BBB score for motor function recovery
BBB scoring was made respectively at 1, 2, 4, 8 and
12 weeks after microglia transplantation. Two well-drilled
staff who are familiar with the BBB scoring system but
not belong to the study group observed the results of rats’
hind limb function recovery (Table 1). Scores were taken
double blindly.
HE and Naoumenko-Feigin staining of spinal cord
Spinal cords of rats were quickly put into 10% form-
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microglia featured in a round or oval-shaped body
showed a relatively deep staining, while those with
smaller cell bodies and more branches showed a rela-
tively light staining (Fig. 2), which may be correlated
with an up-regulated CD68 expression in activated
microglia.
BBB score
On the first day after the second operation, all the
rats dragged their hind limbs. The BBB score was 0,
which means no hind limb movement. But on the 2nd,
4th, 8th, and 12th week, the BBB scores for both
transplantation and control groups increased gradually
(Table 2). The score of transplantation group was sig-
nificantly higher than that of control group (P<0.05).
HE and Naoumenko-Feigin staining results
HE staining    In the control group, microglia mas-
sively appeared in the injured area of the spinal cord
and sporadic liquefaction-necrosis foci were surrounded
by microglia and gelatinous fiber. The size of necrotic
foci gradually diminished and microglia number de-
creased at the same time. On the 12th week, only a
small number of microglial cells were aggregated around
the liquefaction-necrosis area and a few multicystic cavi-
ties remained (Fig.3A). For the transplantation group,
a large number of round-shaped microglia were aggre-
gated at the transplantation site and on the 2nd week,
amoeba-like  microglia massively appeared surround-
ing the liquefaction-necrosis foci with a large number of
gelatinous fibers involved. The microglia number gradu-
ally decreased and remained mainly around the necrotic
area on the 4th and 8th week. On the 12th week, most
liquefaction-necrosis foci disappeared and the size of
multicystic cavities apparently got smaller than that of
control group, which indicated a minor damage and
better prognosis (Fig.3B).
Naoumenko-Feigin staining    Microglia stained
black and the transplantation group had significantly more
positive cells than the control group (Fig. 4, Table 3).
Table 1. BBB scores
   Score         Lower limb movement condition
0
1-7
8-12
13-16
17-20
     21
No observable spontaneous activity
Different degrees of joint motion
Partial weight bearing of lower limbs
Persistent weight bearing and walking
Almost normal activity with slight function defect
Normal motor function
RESULTS
Purity of microglia by flow cytometry
Indirect immunofluorescence labeling combined with
flow cytometry was applied to detect about 7000 mi-
croglial cells. The OX42 staining results showed a high
microglia purity of 89.4% (Fig.1).
Identification of activated microglia with CD68
Immunocytochemistrical staining showed that mas-
sive CD68 positive cells were round-shaped, with short
processes in some cells. Different degrees of activated
Table 2. BBB scores after transplantation (χ + s)
Group (n)               1st week           2nd week       4th week           8th week      12th week
Control (8)
Ttransplantation(8)
t value
P value
0
0
1.97 ± 0.36
4.35 ± 0.51
  10.7834
    <0.05
2.32 ± 0.32
4.86 ± 0.31
   16.1250
     <0.05
0.7 ± 0.20
0.8 ± 0.26
   0.8623
    <0.05
2.91 ± 0.26
5.34 ± 0.43
  13.6779
    <0.05
aldehyde for fixation and imbedded by paraffin. Routine
HE and Naoumenko-Feigin stainings for microglia were
given. For Naoumenko-Feigin staining, the detailed pro-
cesses were as follows: (1) The slice was put into 3%
hydrochloric acid solution for 1 hour, and washed twice
with distilled water; (2) 5% natrium carbonicum solu-
tion for 2 hours; (3) silver nitrate solution for 1 minute;
(4) 0.2% formaldehyde solution for 10 seconds until
the slice turned beige; (5) washing again with distilled
water and put 5% sodium thiosulfate for 1 minute; and
(6) washing, dehydration, transparence and mounting.
For each slice, 10 different fields of vision (1: 400) were
selected to count the number of positive microglial cells.
Statistical analysis
All results were presented as χ ± s and statistical
analysis was conducted by SPSS 11.0 statistical
package.
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DISCUSSION
This study arises from the conflicting evidence that
microglia can exert both neurotoxic and neurotrophic
influences on neurons of the CNS.8 As we are inclined
to believe that activated microglia may exert beneficial
effects on the CNS after traumatic damage, grafting of
cultured microglia directly into the spinal cord injury
area is designed to evaluate its effects on hind limb
motor function recovery.9 HE and Naoumenko-Feigin
staining techniques are also used to detect histologi-
cal improvement of injured spinal cord.
In this study, on the 2nd, 4th, 8th and 12th week,
the BBB scores of both transplantation and control
groups got statistically higher. With HE staining for the
transplantation group, microglia massively appeared
surrounding the liquefaction-necrosis areas. On the 28th
day, most liquefaction-necrosis areas vanished and the
size of multicystic cavities got apparently smaller than
that in control one. More positive microglia stained by
Naoumenko-Feigin were found in transplantation group
than control group. Our results are in agreement with
the view that activated microglia can exert neuroprotective
effects on the recovery and regeneration of spinal cord
injury. Microglia can alleviate oxidative stress, uptake
neuro-exitotoxic glutamic acid, swallow and clear in-
jured or dead neurons.10
From recent researches we have found that sup-
pression of microglia activation can reduce inflamma-
tory reaction but have unfavorable effects on spinal cord
injury motion function recovery.11 However, activated mi-
croglia may release ciliary neurotrophic factor (CNTF),
Fig. 2. CD68 posi-
tive microglia cells
w e r e  r o u n d -
s h a p e d ,  w i t h
some having short
processes under
immunof luores -
cenc e s tai n ing
(×400).
  5.23 ± 1.31
13.53 ± 2.82
     3.3629
     <0.05
Table 3. Cell counting after operation by Naoumenko-Feigin staining (χ + s)
Group (n)                  1st week        2nd week        4th week         8th week        12th week
Control (8)
Transplantation (8)
t value
P value
  7.71 ± 1.45
16.76 ± 3.07
      7.5392
       <0.05
  6.26 ± 1.55
15.11 ± 3.12
      7.1851
      <0.05
  4.54 ± 1.27
12.46 ± 2.78
      7.3294
      <0.05
  2.91 ± 0.96
10.06 ± 2.14
      8.6223
      <0.05
Fig. 1. OX42 indirect
immunofluorescence
intensity obtained
f r o m  m i c r o g l i a
suspension. The left
showed n egat ive
w h i l e  t h e  r i g h t
showed positive.
Fig. 3. A: Amoeba- or pillar-like microglia cells appeared at transplantation site,aggregated around the liquefaction-necrosis area with
some small cystic voids (×400). B: There were less microglia around the liquefaction-necrosis zone and the cystic voids were bigger in
the control group than transplantation one (×400). Fig. 4. By Naoumenko-Feigin staining, black spots were positively-stained microglia
(×400). The transplantation group (B) had significantly more positive cells than control one (A).
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insulin-like growth factor (IGF)-1, nerve growth factor
(NGF) and brain-derived neurotrophic factor (BDNF).12
Transforming growth factor (TGF)-β released from mi-
croglia can inhibit astrocyte reaction so as to reduce
glial scar formation. TGF-β can also inhibit autoim-
mune response and regulate the degree of microglia
activation through autocrine mechanism.16
Microglia can be promptly activated when there is
injury or damage to the CNS and return to quiescent
state after damage is recovered.13 Quiescent microglia
are branch-like, lack of phagocytosis ability but with
considerable migration capability, while activated mi-
croglia are amoeba-like with large round cell bodies and
bigger phagocytosis ability.14 As for immunological
effect, microglia can directly phagocytose dead cells,
present antigens, stimulate T lymphocytes, and  indi-
rectly secrete neurotrophic factors and chemotactic
factors to regulate the neuroendocrine system.15
Schwartz16 reported that activated microglia may help
overcome the regeneration barrier in the CNS and pro-
mote axon regeneration. Hynds17 found that microglia
transplantation into the spinal cord injury area could
enhance sensory nerve regeneration. All the results have
confirmed that activated microglia may help to provide
a beneficial microenvironment for nerve regeneration by
secreting neurotrophic factors.18, 19
In summary, the present study suggests that acti-
vated microglial cells at spinal cord injury area can pro-
mote CNS nerve regeneration and help motor function
recovery rather than being neurotoxic. It is possible that
more extensive repair for the injured spinal cord may
be realized with proper microglia activation.
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